). Among the 4 subtypes, the clinical benefit rate was 51.6, 78.6, 71.9 and 40.8%, respectively. There were significant differences in TTP between subtypes (median TTP, 8.3 months in luminal, 14.1 months in luminal-HER2, 10.6 months in HER2, and 4.2 months in triple-negative; P<0.001). Patients with luminal type tumors had a significantly longer TTP than patients with triple-negative type tumors. The present data suggested that the immunohistochemical subtypes were associated with the therapeutic effect of taxanes for metastatic breast cancer and that taxanes yielded an acceptable RR and TTP in luminal metastatic breast cancer. Additional investigations are required to elucidate the predictive markers of taxane therapy for patients with metastatic breast cancer in each immunohistochemical subtype.
Introduction
Taxane binds to β-tubulin, promotes microtubule polymerization and prevents depolymerization, thereby arresting cell division and inducing apoptosis (1) . In Japan, docetaxel was approved in June 1997 and paclitaxel was approved in October 1997. Currently, taxane and anthracycline play a central role in chemotherapy for breast cancer (2) .
There have been numerous studies on the therapeutic effect of taxanes in metastatic breast cancer (3, 4) . Jones et al (3) conducted a randomized phase III trial to compare the effects of docetaxel and paclitaxel in metastatic breast cancer, reporting that the overall response rate (ORR) and median time to progression (TTP) for docetaxel and paclitaxel were 32% and 5.7 months and 25.0% and 3.6 months, respectively (3). Gradishar et al reported that the RR and median TTP for taxane as the first-line therapy were 27% and 19.7 weeks, respectively, and that the ORR and median TTP were 19% and 16.9 weeks, respectively (4) .
Gene expression profiling using DNA microarrays classifies breast cancers into five intrinsic subtypes: Luminal A, luminal B, ER BB2+, normal-like and basal-like (5) . Accordingly, immunohistochemical classification with hormone receptors and human epidermal growth factor receptor 2 (HER2) may be used to estimate the subtype. Luminal A breast cancer was defined to express estrogen receptor (ER) and not express HER2 in the CALGGB 9344 trial (6) , express ER and/or progesterone receptor (PgR) with a low Ki67 labeling index (cut-off, 13%) in the BCIRG 001 trial (7) , and express ER with a low Ki67 labeling index (cut-off, 20%) in the PACS 01 trial (8) . In addition, the St. Gallen International Conference 2011 proposed that breast cancer expressing ER and/or PgR, and negative for HER2 with a Ki67 labeling index of <14%, should be defined as luminal A breast cancer (9) .
Numerous studies have reported that chemotherapy is relatively ineffective in patients with early luminal A breast
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cancer. Pritchard et al reported that treatment containing anthracycline was not superior to cyclophosphamide, methotrexate and 5-fluorouracil in HER2 -breast cancer (10) . The BCIRG 001 trial showed that docetaxel, doxorubicin and cyclophosphamide (TAC) chemotherapy was more effective compared with fluorouracil, doxorubicin and cyclophosphamide (FAC) chemotherapy, but failed to show superiority in patients with luminal A breast cancer (7) . Meta analysis of the EBCTCG trials showed that the proportional risk reductions of chemotherapy were observed equally in patients with ER+ and ER-breast cancer in a group of women aged <50 years (11) . However, the NSABP B-30 trial followed up the premenopausal women of patients who had received chemotherapy, and found that the hazards ratio for disease-free survival was reduced subsequent to menopause in premenopausal patients that had received chemotherapy. This suggested that the chemotherapy-induced depletion of endogenous estrogen may be more important than the effect of chemotherapy itself (12) . Alba et al directly compared the efficacy of aromatase inhibitors and chemotherapy with epirubicin and cyclophosphamide followed by taxane in neoadjuvant therapy for ER or PgR + and HER2 -luminal breast cancer, finding that the RR and complete histological RR of chemotherapy were not significantly higher than those for endocrine therapy (13) .
In addition, several studies have reported the absence of an additional benefit of taxane treatment for luminal breast cancer. The CALGB 9344 trial showed that in luminal A breast cancer, defined as breast cancer positive for ER and negative for HER2, there was no additional benefit of the addition of paclitaxel to doxorubicin and cyclophosphamide chemotherapy (6) . The BCIRG 001 trial (7), in which luminal A breast cancer was defined as breast cancer positive for ER or PgR, with a low Ki67 labeling index (cut-off, 13%), reported that the prognosis of patients treated with TAC was approximately equal to that of patients treated with FAC. The PACS 01 trial (8) compared 6 cycles of 5-flourouracil, epirubicin and cyclophosphamide (FEC) and 3 cycles of FEC followed by 3 cycles of docetaxel. This study found that the recurrence-free survival of FEC followed by docetaxel was not superior to FEC alone in patients with luminal A breast cancer (defined as breast cancer positive for ER with a Ki67 labeling index <20%).
Overall, numerous studies have suggested that taxane therapy is relatively ineffective in patients with operable early luminal breast cancer. However, to the best of our knowledge, no studies have reported whether taxane also lacks efficacy as a treatment for luminal metastatic breast cancer. Therefore, the therapeutic effect of taxanes on metastatic breast cancer in various immunohistochemical subtypes was retrospectively investigated. 
Materials and methods

Patient
Methods.
Comprehensive consent for the use of specimen materials was obtained preoperatively from all patients participating as subjects in the present study. The study was approved by the Institutional Review Board of The Cancer Institute Hospital of The Japanese Foundation for Cancer Research (Tokyo, Japan).
The immunohistochemical subtypes were determined by biopsy of the primary lesion at stage IV and the surgical materials in recurrent breast cancer. Biopsy specimens were embedded in paraffin and cut into 4-µm slices. The specimens were stained with hematoxylin and eosin (HE) and were immunohistochemically examined for ER, PgR and HER2 expression. Using HE-stained slices, the histological subtypes of cancer and the nuclear grade of cancer cells were evaluated according to the general rules for clinical and pathological assessment of breast cancer, as edited by the Japanese Breast Cancer Society (14) . The histological subtype was divided into three groups, consisting of papillotubular carcinoma, solid-tubular carcinoma and scirrhous carcinoma, based on the size and structure of invasive components. The definitions of the histological subtypes were as follows: Papillotubular carcinoma, an invasive carcinoma characterized by large invasive components with papillary structures and/or tubular formations; solid-tubular carcinoma, an invasive carcinoma characterized by large solid invasive components; and scirrhous carcinoma, an invasive carcinoma characterized by small scattered invasive components or trabecular invasive nests with a desmoplastic stroma. The nuclear grade was evaluated using a combination of nuclear atypia and mitotic counts. Nuclear grade was divided into three groups, consisting of nuclear grades 1, 2 and 3, in order of increasing atypia.
Immunohistochemical assessment of ER and PgR expression was performed using mouse anti ERα monoclonal antibody (product no. IR08461, clone, 1D5; Dako Japan Co., Ltd., Tokyo, Japan. This product is supplied in 0.05 mol/l Tris/HCl, pH 7.2, containing 15 mol/l sodium azide and fetal calf serum protein (1 ml total volume). Anti-ER, 1D5 used at a dilution of 1:35 when performing IHC using the Dako EnVision) and mouse anti PgR monoclonal antibody (product no. IS06830, clone, PgR636; Dako Japan Co., Ltd. Ready-to-use monoclonal mouse antibody provided in liquid form in a buffer containing stabilizing protein and 0.015 mol/l NaN 3 . The target concentration of Anti-PR, clone PgR636 is 0.5 µg/ml; the acceptable concentration range of Anti-PR, clone PgR636 is 0.4-0.6 µg/ml). Positive reactions for ER and PgR were defined as nuclear staining in ≥10% of cancer cells, and no reaction was defined as staining in <10% of cancer cells. Hormone receptor positivity was defined as showing positivity for ER or PgR. Immunohistochemical detection of the HER2 protein was performed using the HercepTest (product no. K520411, Dako Japan Co., Ltd.).
Immunohistochemical detection of the HER2 protein was performed using the HercepTest (Dako Japan Co., Ltd.). Expression of the HER2 protein was classified into four groups: 0; 1+; 2+; and 3+. In the tissues that were classified as 2+, HER2 genetic testing by fluorescent in situ hybridization (FISH) was performed using a PathVysion HER2-DNA Probe kit (Abbott Molecular, Inc., Des Plaines, IL, USA In patients who received wPAC and 3wDOC for the treatment of metastatic breast cancer, the therapeutic effect of the initial regimen including a taxane was evaluated.
Response evaluation. Radiological tumor assessments were performed by computed tomography every 3-4 months during treatment. Local lesion and lymph node metastases were measured by echogram. The response to chemotherapy was assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 (16) . TTP was defined as the time interval between the start of taxane treatment and disease progression or failure of treatment due to adverse events.
Statistical analysis. SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis in the present study. The ORR and clinical benefit rate (CBR) were analyzed using the χ 2 test. TTP was tested by the log-rank test using the Kaplan-Meier method. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. The characteristics of all 293 patients are listed in Table I . All evaluated patients were diagnosed with invasive breast cancer. The average age was 54 years. The patient numbers according to the age group were as follows: ≤49 years old, 112 patients (38.2%); and ≥50 years old, 181 patients (61.8%). The most common sites of distant metastasis were the lymph nodes, which was identified in 190 patients (64.8%). The sites of metastases was 3 
Distribution of immunohistochemical subtypes and clinicopathological features.
Associations between the distribution of immunohistochemical subtypes and clinicopathological features are shown in Table II . While there was no significant difference in age among the 4 subtypes, significant differences between subtype distribution, number of metastases, number of prior chemotherapy regimens and history of anthracycline administration were observed. Luminal type tumors were associated with a significantly increased incidence of bone metastasis (P<0.001), while the HER2 and triple-negative types showed a significantly increased frequency of brain metastasis (both P<0.001). The patients with luminal type tumors had received more prior chemotherapy compared with other subtypes, and the luminal type included a significantly increased proportion of patients with a history of receiving anthracyclines (P<0.001).
RR. The RR and CBR in the 4 subtypes are shown in Table III . The RR was 33.1% and the CBR was 56.3% in all patients with metastatic breast cancer. The RR and CBR in the 4 subtypes were significantly different between the subtypes (P<0.001).
In the luminal-HER2 and HER2 types, the RRs were 57.1 and 52.6%, respectively, and the CBRs were 78.6 and 71.9%, respectively. In the luminal type, the RR and CBR were 28.3 and 51.6%, respectively. Between the luminal and triple-negative types, the RR and CBR of patients with luminal type tumors were increased compared with the patients with triple-negative type tumors. 
Adverse events leading to the discontinuation of taxanes.
In 30 (10.2%) of the 293 patients, taxane administration was discontinued due to adverse events (Grade 3 and 4; Table IV) . PAC was discontinued due to events including peripheral neuropathy, which was most frequent at 6.3%, worsening of the general condition, neutropenia and interstitial pneumonia. DOC was discontinued due to edema, which was most frequent at 6.8%, nasolacrimal duct stenosis, muscle pain and heart failure.
Discussion
In the present study, the therapeutic effect of taxanes on metastatic breast cancer was retrospectively investigated in various immunohistochemical subtypes. It was found that the immunohistochemical subtypes were associated with the therapeutic effect of taxanes for metastatic breast cancer. In addition, , taxane yielded the therapeutic effect of RR; 28.3% and TTP; 8.3 months in luminal metastatic breast cancer. The results of the present analysis were not comparable to the numerous previous studies (6) (7) (8) , which showed the ineffectiveness of taxane anticancer drugs for operable early luminal breast cancer. Possible causes of the difference in the results of pre-and postoperative taxane treatment for early breast cancer and those of taxane treatment for luminal metastatic breast cancer include the following factors. The first is the increased heterogeneity of luminal-type cancer cells. ER + and HER2 -luminal breast cancer grows slowly, showing a low apoptosis rate and low genetic instability (17) . Foulkes et al (17) proposed the hypothesis that slow-growing tumors cause heterogeneity within the tumor, such that numerous tumor cells acquire the ability for distant metastasis. Therefore, in recurrent disease, luminal breast cancer cells would be expected to be more aggressive and proliferative, and then sensitive to chemotherapy.
The second possibly cause is the heterogeneity of breast cancer biopsy specimens, which may cause phenotypic changes associated with metastasis or recurrence. Commonly, in stage IV disease, a biopsy of the primary lesion is performed in only a small portion of the primary cancer. By contrast, in patients with recurrent disease, the whole primary lesion is evaluated for the cancer subtype, but different subtypes may occur at the sites of metastasis and recurrence. Amir et al (18) reported that the phenotypes of hormone receptors and HER2 were different between the primary and metastatic or recurrent lesions, and that ER, PgR and HER2 phenotypes were different between the primary and metastatic lesions in 16, 30 and 13% of patients, respectively (18) . Since biopsies were not generally performed during treatment in the present study, the status of immunohistochemical expression of hormone receptors and HER2 at the site of metastasis was confirmed in only 9 patients with luminal breast cancer. The status of ER expression was identical in all primary and metastatic lesions, but the status of PgR expression was different between the primary and metastatic lesions in 6 patients. The HER2 expression status in the metastatic lesions in 2 patients was 2+ according to immunohistochemical analysis, but FISH analysis showed that the expression of HER2 was amplified and absent in 1 lesion each. Although no association between discordance of phenotypes and therapeutic effect has been elucidated, it may be important in the future to perform numerous tissue biopsies and re-evaluate the phenotypes of hormone receptor and HER2 expression. The phenotype of metastatic lesions may alter during cancer progression. Future investigation is required to address whether information about metastatic sites obtained from biopsies may aid in the prediction of response or outcome.
In the present study, 89.3 and 94.7% of luminal-HER2 and HER2 type breast cancer patients, respectively, received a treatment regimen including trastuzumab with taxanes. Adding trastuzumab to taxane therapy would be expected to improve the TTP in these subtypes. Marty et al (19) reported the efficacy of trastuzumab combined with docetaxel as the first-line treatment in HER2 + metastatic breast cancer (19) . Trastuzumab plus docetaxel was significantly superior to docetaxel alone in terms of overall RR (61 vs. 34%) and time to disease progression (median, 11.7 vs. 6.1 months). Although the proportion of patients administered with taxanes and trastuzumab as the first-line treatment was 28.6 and 35.1% in the luminal HER2 and HER2 types, respectively, the results of the present analysis were comparable to previous studies (19) . The TTP of the patients with triple-negative type breast cancer was significantly shorter compared with the TTP of patients with the other three subtypes of breast cancer. The poor prognosis of triple-negative breast cancer may be affected by the short disease-free interval.
The limitation of the present study is that there is no information on the proliferative marker index, such as Ki-67, of the primary sites. The patients with luminal breast cancer that were examined in the present study harbored the two subtypes of low-proliferative luminal A and high-proliferative luminal B. The proliferative index of primary sites may aid the identification of the response to taxanes. However, in recurrent breast cancer, breast cancer diagnosed as luminal A at the time of surgery was treated with endocrine therapy (20) . Even for luminal B breast cancer, if not life-threatening, endocrine therapy is chosen along the algorithm of Hortobagyi (20) . The present study showed that the inactivity of taxane in hormone-receptor positive or HER2 -breast cancer could not be predicted at the primary site. Therefore, metastatic hormone receptor-positive breast cancer was defined as luminal breast cancer without the strict distinction between luminal A and luminal B at the time of surgery. In taxane therapy, adverse events may cause dose reduction or discontinuation of treatment. The main adverse events that disturb treatment include paclitaxel-associated peripheral neuropathy or docetaxel-associated generalized edema. In the present study, taxane administration was discontinued due to adverse events in 30 (10.2%) of the 293 patients. Therefore, the effect of toxicities on the efficacy of treatment with taxane in the present study may be minimal. This observation is clinically important because the present study showed that taxane remains a reasonable choice for the treatment of luminal metastatic breast cancer. Additional investigations are required to elucidate the predictive markers of taxane therapy for the patients with metastatic breast cancer in each immunohistochemical subtype.
